INTRODUCTION
============

*Plasmodium vivax* malaria has re-emerged as an endemic disease in Korea, after an extended period of effective control. The incidence of malaria on a global scale has decreased recently as a direct result of on-going anti-malaria campaigns conducted by governments and the World Health Organization (WHO) since the 1960s. In 1984, only two cases of malaria were reported in Korea, and the disease seemed to have been eradicated in Korea^[@b1-kjim-18-4-220-3]^. A few cases of imported malaria were reported during the following ten years. However, in 1993 a case of *vivax* malaria, was reported in an individual who had never been abroad^[@b2-kjim-18-4-220-3]^. Subsequently, the annual incidence of *vivax* malaria increased in both the military and civilians populations near the Demilitarized Zone (DMZ), and this continued until 2000. However, the number of cases of malaria has decreased since 2000 because of a reduction in the number of Anopheles mosquitoes, due to drought conditions and to the intensified malaria control activities undertaken in 2001. The decrease in the number of cases among soldiers was greater than the decrease observed in the civilian population; such decreases were more prominent in Paju-Gun, Yeoncheon-Gun and Cheorwon-Gun than they were elsewhere. Nevertheless, 2,522 cases of malaria were diagnosed in 2001, and therefore, a comprehensive malaria control and treatment program is needed^[@b1-kjim-18-4-220-3]^.

Several studies of *vivax* malaria infection in Korea have been undertaken, but most of the subjects in these studies were soldiers or veterans, and most had tertian fever^[@b3-kjim-18-4-220-3]--[@b5-kjim-18-4-220-3]^. We studied the characteristics of civilian cases (including veterans) with *vivax* malaria living either in or near Chuncheon. We compared the results of our study with those of previous studies, and we hope that our results will be helpful in the diagnosis and treatment of *vivax* malaria.

MATERIALS AND METHODS
=====================

We retrospectively studied the medical records of 44 cases diagnosed with malaria by peripheral blood smears between July 1998 and September 2001 at Chuncheon Sacred Heart Hospital. We analyzed the clinical and laboratory features of malaria, including the fever pattern, place of residence, onset time, complete blood counts and coagulation times, and liver function. Patients were treated with hydroxychloroquine, followed by primaquine for 2 weeks. The laboratory findings from pre- and post-treatment testing were compared using paired *t*-tests for median values. On average, follow-up tests were performed 8.7 days after pre-treatment testing.

RESULTS
=======

1.. Patients' characteristics and incidence
-------------------------------------------

Forty-four cases were diagnosed with *vivax* malaria; no cases of falcifarum malaria were identified. Of the 44 cases, 33 were male (75%), and the mean age of the 44 cases was 35±16.7 years. Forty-one cases (93.2%) presented between the months of June and September, two cases presented in October, and one case in November ([Figure 1](#f1-kjim-18-4-220-3){ref-type="fig"}). Eight cases were diagnosed in 1998, 10 in 1999, 8 in 2000, and 18 in 2001. The proportion of veterans among the affected cases ranged from 37.5% to 40% between 1998 and 2000; however, only one veteran (5.6%) was diagnosed in 2001 ([Figure 2](#f2-kjim-18-4-220-3){ref-type="fig"}). Among the veterans (n=11), two patients had histories of previous malaria infection and treatment. On average, 7.7±6.8 days passed between the onset of symptoms and presentation at the hospital. Most cases received symptomatic treatments.

Of the 44 cases, 26 (59.1%) lived in Chuncheon. The other regions were: Yang Gu Gun, Gapyeong Gun, Hwacheon Gun, Inje Gun, and Hongcheon Gun. In 2001, the proportion of patients living in Chuncheon decreased to 33.3%.

Fever and chills developed in all cases. Of the forty-two cases whose fever patterns were noted in the records, 15 (35.7%) developed tertian fever; 22 (54.8%) had fevers daily, and 5 had irregular fever patterns ([Figure 3](#f3-kjim-18-4-220-3){ref-type="fig"}). Thirteen cases (29.5%) complained of abdominal pain, and 15 cases (34.1%) had gastrointestinal symptoms such as nausea, vomiting, and diarrhea.

Laboratory results
------------------

Pre-treatment, the mean leukocyte count was 5,155±1,562 cells/mm^3^, mean hemoglobin 12±2.1 g/dL, and mean platelet count 106,000±82,000 platelets/mm^3^. Thirty-three cases (75%) developed thrombocytopenia. In nine cases (20.5%), the platelet count was less than 50,000/mm^3^ ([Table 2](#t2-kjim-18-4-220-3){ref-type="table"}). None of the cases showed signs of bleeding, despite the presence of severe thrombocytopenia.

We performed follow-up laboratory testing during treatment or post-treatment in 30 cases. At follow-up, the mean leukocyte count was 6,036±1,955 cells/mm^3^, and the mean platelet count 192,200±118,000 platelets/mm^3^. Both counts were significantly higher than those obtained at the time of diagnosis. In 11 cases who did not develop thrombocytopenia, platelet counts increased significantly from pre- to post-treatment, from 215,000±36,295/mm^3^ to 339,4288±4,654/mm^3^. The increase in platelet counts observed during treatment was a pronounced finding ([Figure 4](#f4-kjim-18-4-220-3){ref-type="fig"}).

Other laboratory abnormalities were noted, including elevated LDH in 87.5% of cases, as well as a prolonged prothrombin time (PT) and a prolonged activated partial prothrombin time (aPTT), in 71.9% and 78.2% of cases, respectively ([Table 2](#t2-kjim-18-4-220-3){ref-type="table"}).

Cerebrospinal fluid analysis was performed on 5 of 28 cases with headaches; in one of the five CSF samples, the leukocyte count was 63 cells/mm^3^. Twenty-three cases (52.3%) showed splenomegaly by physical examination, or abdominal ultrasonography.

DISCUSSION
==========

After the re-emergence of *vivax* malaria in 1993, its incidence steadily increased until 2000, but then decreased in 2001^[@b1-kjim-18-4-220-3]^. At the beginning of this endemic period, the majority of cases were soldiers based near the DMZ area, but since 1999 more civilian than military cases have been reported^[@b1-kjim-18-4-220-3]^. In 2001, there were 1,113 civilian cases, 754 veteran cases and 685 among military personnel. The proportion of cases accounted for by veterans has decreased from between 37.5 to 40% in previous years to only 5.6% in 2001. These findings indicate that the control programs used by the military have been effective, and that civilians should be similarly educated about the avoidance and control of malaria.

*Vivax* malaria is transmitted by the bite of an infected *Anopheles* mosquito, and infection shows characteristic symptoms such as, tertian fever and severe chills. In addition, rupture of red cell by schizonts stimulates the release of several inflammatory cytokines, which cause fever and myalgia. At first, the fever is irregular but, with time, nearly synchronous red cell rupture causes the typical cyclic fever^[@b6-kjim-18-4-220-3]^. In several studies of indigenous malaria in Korea, most cases of malaria have shown the classic cyclic fever pattern^[@b3-kjim-18-4-220-3]--[@b5-kjim-18-4-220-3]^. However, we noted that only 37.5% of all cases showed classic tertian fever, which represent a divergence from most Korean reports; however, Stanley found that only one third of travelers with malaria suffered from tertian fever^[@b6-kjim-18-4-220-3]^, and Kim. et al. reported that only 40% of 17 cases with indigenous malaria showed tertian fever in Korea^[@b7-kjim-18-4-220-3]^. These results are similar to ours.

The diagnoses of malaria were made early after the onset of fever in many cases; in nine cases, daily fever was noted 7 days after the onset of fever. In five cases, who were diagnosed 2 weeks or more after the onset of fever, daily fever was noted, or the pattern of fever was not determined. Eleven of 15 cases who showed tertian fever were diagnosed within one week of the onset of fever. Our study shows that the pattern of fever in *vivax* malaria cases varies considerably.

Seventy-five percent of all malaria cases had thrombocytopenia; this is similar to the results of many other studies^[@b2-kjim-18-4-220-3],[@b5-kjim-18-4-220-3]--[@b9-kjim-18-4-220-3]^. Immunoglobulins directed against platelets destroy platelets in the spleen^[@b10-kjim-18-4-220-3]^, and malaria parasites can also destroy platelets directly. It has been suggested that the activation of the coagulation cascade may also reduce platelet counts^[@b11-kjim-18-4-220-3]^. Lim et al. suggested that platelet counts in malaria cases could be used as a simple and useful marker for post-treatment follow-up^[@b8-kjim-18-4-220-3]^.

Our study produced similar evidence concerning the utility of platelet count as a marker of the presence and progress of malaria. Both thrombocytopenic malaria cases and cases with normal platelet counts showed significant increases in platelet counts during, or after, treatment. Since over 90% of all malaria cases develop symptoms in the period from June to September, and since many cases had thrombocytopenia, we suggest that thrombocytopenia may be a critical clue for the diagnosis of malaria in febrile cases during those months.

Anemia in cases with malaria occurs as a result of the lysis of red cells by schizonts, bone marrow suppression, and splenic sequestration^[@b7-kjim-18-4-220-3]^. Our study also revealed that about 50% of all cases had anemia, which is less than the proportion reported by Kim et al^[@b7-kjim-18-4-220-3]^, but comparable to that reported by Oh et al^[@b5-kjim-18-4-220-3]^. In the our study, the hemoglobin level was found to increase after treatment, but not significantly. In cases where the hemoglobin level was severely depressed at diagnosis, the level returned to the normal range after therapy. Pre-treatment leukocyte counts were in the normal range, or slightly reduced, and increased significantly with treatment.

Malaria infection activates the coagulation cascade and induces consumptive coagulopathy. Hwang et al. reported that most patients with malaria showed prolonged aPTT, increases of D-dimer, and that one in twenty cases showed prolonged PT^[@b12-kjim-18-4-220-3]^. However, in the current study, the majority of patients showed both prolonged PT and prolonged aPTT. Three of these patients were tested for D-dimer, and all three showed increased D-dimer levels.

It is generally understood that *vivax* malaria does not induce meningitis, despite the presence of a severe headache^[@b13-kjim-18-4-220-3]^. In the present study, one case was found to have elevated leukocyte. counts in the CSF. Falciparum malaria may cause cerebral malaria due to cerebral sequestration of infected red blood cells, but this has not been found in *vivax* malaria. Jakobsen et al. suggested that vascular inflammation may occur, regardless of cerebral sequestration, because of increases in the levels of vascular adhesion molecules such as, sICAM, in *vivax* malaria-infected serum^[@b14-kjim-18-4-220-3]^. We believe that additional studies on meningitis related to *vivax* malaria are warranted.

CONCLUSION
==========

In this study, many cases with *vivax* malaria did not show a cyclic tertian fever pattern, and in this respect our study differs from previous studies. Our laboratory findings showed that thrombocytopenia was particularly marked, and that the platelet count increased significantly after treatment. Many cases also developed coagulopathies. We advise that malaria should be included in the differential diagnosis of febrile diseases that develop from June to September, regardless of the fever patterns observed.
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###### 

Clinical manifestations of cases with *vivax* malaria

                                                                  No. of patients (n=44)   Percent (%)
  --------------------------------------------------------------- ------------------------ -------------
  Fever                                                           44                       100
  Tertian fever                                                   15/42                    35.7
  Headache                                                        28                       63.6
  Abdominal pain                                                  13                       29.5
  GI symptoms[^\*^](#tfn1-kjim-18-4-220-3){ref-type="table-fn"}   15                       27.8

GI symptoms included nausea, vomiting, and diarrhea.

###### 

Laboratory findings in cases with *vivax* malaria

  Abnormal laboratory finding   No. of cases/No. of cases tested (%)
  ----------------------------- --------------------------------------
  Hb (g/dL) \< 12               22/44 (50%)
  PLT (×103/μL) \< 150          33/44 (75%)
  PLT (×103/μL) \< 100          29/44 (63.6%)
  Bilirubin (mg/dL) \> 1.3      13/39 (33.3%)
  ALT (IU/U) \> 40              23/39 (69.7%)
  LDH (IU/L) \> 420             35/39 (89.7%)
  PT (INR) \> 1.13              23/32 (71.9%)
  aPTT (sec) \> 38              25/32 (78.1%)
